Therapeutic activities of hyaluronic acid
The direct injection of hyaluronic acid in the joint space allows to reach a proper concentration with low doses, favouring a longer permanence in the joint, and therefore the therapeutic response. Hyaluronic acid preparations have a short half -life; therefore, the long term effects cannot solely be attributed to the substitution of molecule itself. The term viscosupplementation means restoration of visco -elastic properties, such as cushioning, lubrication, elasticity (Kikuchi et al., 2001) , while the term biosupplementation is used to indicate the restoration of joint rheology, anti -inflammatory and anti -nociceptive effects, normalization of endogenous hyaluronic acid synthesis, and chondroprotection. These activities explain why the clinical efficacy is maintained for several months (Gigante & Callegari, 2010 ; Hiraoka et al., 2011; Julovi et al., 2011; Kumahashi et al., 2011) . In Table 1 , the main beneficial effects of hyaluronic acid in osteoarthritis are summarized.
Hyaluronic acid preparations
At present, preparations with different molecular weight are available (Low and High Molecular Weight), which display distinct pharmaceutical effects (Ghosh & Guidolin, 2002) . The enhanced penetration of low molecular weight preparations (0.5 -1.5 millions Dalton) through the extracellular matrix of the synovium is thought to maximize the concentration and to facilitate the interaction with target synovial cells, so reducing the synovial inflammation (Bagga H et al., 2006) .
ACTION TARGET RESULTS

Inhibition
Lymphocyte transformation
SLOW DOWN THE PROGRESSION OF JOINT DAMAGE
ANTI -INFLAMMATORY ACTIVITY ANTI -NOCICEPTIVE EFFECTS MODIFIED STRUCTURAL ORGANIZATION TOWARDS NORMAL APPEARANCE
Phagocytic activity of macrophages and leukocytes
Adenosine triphosphate levels Matrix Metalloproteinase (MMP)
Promotion
Release of prostaglandins
Normalization of native hyaluronan synthesis
Production of tissue inhibitor of MMP -1
Scavenging of free radicals
Proteoglycans synthesis by chondrocytes
Protective
Effects on chondrocytes or cartilage explants from degradation by enzymes, Interleukin -1, and oxygen -derived free radicals Table 1 . Beneficial effects of hyaluronic acid (modified from Carpenter & Motley (2008)) However, because of the low elastoviscosity of these hyaluronan compounds, compared to native hyaluronan in the synovial fluid, interests were shifted to a viscosupplementation fluid similar to the native hyaluronic acid. Recently, an hyaluronic acid cross -linked preparation , with high molecular weight (6 -7 millions Dalton), has been developed (Migliore et al., 2010) . This formulation, by means of its hydrophilic properties, retains higher amounts of fluid in articular space; it is also provided by a greater anti -inflammatory activity, as shown by studies on migration of inflammatory cells in the joint and on reduced Prostaglandin E 2 and bradykinin concentration (Goto et al., 1999; Takahashi et al., 1999) . Moreover, high molecular weight hyaluronic acid is considered more effective in relieving pain, compared to low molecular weight hyaluronic acid. A novel hyaluronic acid preparation, non -animal stabilised hyaluronic acid (NASHA) (Berg & Olsson, 2004) has been manifactured by a two stage procedure : byosinthesis of hyaluronic acid by cultured bacteria, followed by a mild stabilization process. Stabilisation does not change the biochemical properties of hyaluronic acid, but creates bio -compatible gel with improved viscoelastic properties and a longer residence time in joint, compared with non -stabilised hyaluronic acid preparation. Currently, with aim of favouring a longer presence of hyaluronic acid in the joint, long acting preparations are under study (Abate et al, 2010) . Hopefully, these compounds, with better rheological and biological properties, could influence positively the natural history of osteoarthritic disease.
Indications to treatment
Viscosupplementation can be considered when the patient has not found pain relief from exercise, physical therapy, weight loss, use of orthotics and analgesics or non steroidal antiwww.intechopen.com inflammatory drugs. Other indications may be the intolerance to drugs or the use of multiple systemic medications, as frequently happens in the elderly (Waddell, 2007) . The treatment, in general, is offered to patients with intermediate Kellgren -Lawrence score (mild osteoarthritis) (Kellgren & Lawrence, 1957) , who report better results in term of function and pain reduction (Brzusek & Petron, 2005) . The administration of hyaluronic acid is contraindicated only in patients with known hypersensitivity to preparations components; patients with severe osteoarthritis (Kellgren -Lawrence score IV) or affected by inflammatory musculoskeletal diseases (rheumatoid arthritis, chondrocalcinosis, psoriasis, gout), may have limited benefit (Waddell, 2007) .
Infiltration techniques
Intra -articular injection of hyaluronic acid must be performed in sterile conditions, to minimize the risk of inflammatory complications (i.e. septic arthritis). Moreover, the use of "image -guided" infiltration techniques is mandatory; indeed, when joint infiltration is performed blindly, the failure rate is high, and the drug may be administered in the para -articular space. In this case, treatment loses its efficacy and side effects, mainly pain, frequently occur (Pourbagher et al., 2005; Zwar et al., 2004) . The ultrasound -guided injection, compared with fluoroscopy, has several advantages : it is simple, fast, economic and safe; it does not require the use of contrast media, allowing the infiltration in patients intolerant to iodized contrasts. It can be repeated without limits, allows an easy visualization of fluid in the articular recess (which may be aspirated) (Figure 1 ), and shows how narrow is the articular space. Moreover, it is able to show the position of the needle, and, by means of continuous Color Doppler monitoring, to evaluate its distance from vessels. Finally, ultrasound technique allows the visualization of the viscous fluid injected inside the joint (Migliore et al., 2004) . In figure 2 , an example of intra -articular injections of hip joint is presented.
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Clinical results
In this section we report the main results obtained with hyaluronic acid in the treatment of osteoarthritis in different joints.
Knee osteoarthritis
Viscosupplementation with hyaluronic acid in knee osteoarthritis has been approved by Food and Drugs Administration (Hunter & Lo, 2008 , Lequesne Index, Range of motion), the subjective global assessment and the quality of life of the patients. The results of the majority of studies are in favour of hyaluronic acid, although in several randomized controlled trials no significant differences have been found in comparison with intraarticular placebo. The percentages of improvement from baseline, in all the outcomes measures, were 28 % to 54 % for pain, and 9 % to 32 % for function, and were similar in the trials where low molecular weight or high molecular weight hyaluronic acid were used (Aggarwal & Sempowski, 2004; Divine et al., 2007; Waddel 2007) . However, the number of injection needed was in general lower for high molecular weight preparation and this is not a negligible advantage for the patients. A recent systematic review has compared the post -intervention time course of the effects of hyaluronic acid and corticosteroid (the "therapeutic trajectory") (Bannuru et al., 2009 ).
This meta analysis highlights the therapeutic trajectory of hyaluronic acid for knee osteoarthritis pain over six months following the intervention. From baseline to week 4, intra -articular corticosteroid appear to be relatively more effective than hyaluronic acid. By week 4 the two approaches have equal efficacy, but beyond week 8 hyaluronic acid has greater efficacy. It should be observed that the benefit is not equally distributed among patients, some of them being non -responders to therapy. The characteristics of responders, at present, have not been clearly identified, but some authors claim that a greater benefit may be obtained in patients with low grade osteoarthritis (Dagenais et al., 2006) . On the contrary, age does not influence the therapeutic response (Abate et al., 2008) .
Hip osteoarthritis
The number of studies about viscosupplementation of hip osteoarthritis is limited, when compared with studies in knee osteoarthritis. The reasons can be the deeper localization of this joint, and the proximity of femoral vessels and nerves. Moreover, the level of evidence for most of these studies is low, because they are cohort studies and lack of a reference group (Abate et al., 2010 ), a score I (i.e. the highest level of evidence), according to the Center for Evidence Based Medicine criteria (Fletcher & Sackett, 1979) , having been assigned only to Tikiz's (Tikiz et al., 2005 ) and Qvistgaard's (Qvistgaard et al., 2006) studies.
A new randomized controlled three -arm study, comparing intra -articular injection of hyaluronic acid, corticosteroid and bupivacaine, is in progress; this trial will hopefully provide robust information on the advantages of drugs towards the simple anaesthetic treatment (Colen et al., 2010) .
In the published studies, several hyaluronic acid compounds were used. The number of injections ranged from 1 to 3 for each patients, and only in few cases 4 or 5 injections were performed. In general, the injections number was lower for high molecular weight preparations. The length of treatments and the outcome measures were similar to those used in knee randomized controlled trials. All the trials have shown a reduction of pain, which, in general, becomes evident within 3 months and persists in the following months. Only few studies report a precocious reduction of the pain : within a week, according to Brocq (Brocq et al., 2002 ) (-27 %), and within the first 2 -4 weeks according to Qvistgaard (Qvistgaard et al., 2001 ) (-14 % and -32 %, respectively). The positive effects on pain after 1 -3 months range from -16.1 % to -52.2 % (mean -37.2 %), whereas, overall, the mean Visual Analogic Scale score decreases about 49 % after 3 -6 months (range 31 -80 %) (Abate et al., 2008) . Therefore, it seems that the benefit increases in the long term. However, it must be underlined that only few studies report longer follow -up periods : at 12 (Migliore et al., 2005) and at 18 months (Migliore et al., 2006a) , with persistent benefit on the pain (VAS -36.4 %). Besides the reduction of pain, also the articular function is improved. These positive effects have been observed using different evaluation scales : + 11 % in the Harris Hip Score, + 32 -45 % in Western Ontario and McMaster Universities Osteoarthritis Index score, + 45 % in Lequesne Index, and + 95 % in American Academy of Orthopaedic Association Lower Limb Core Scale (Abate et al., 2008) . A further observation, which confirms the previous data, is the reduction of non steroidal anti -inflammatory drugs consumption (Migliore et al., 2011) .
Ankle osteoarthritis
Only few studies have been performed in ankle osteoarthritis and, among these, four were randomized / controlled trials (level of evidence 1) (Carpenter & Motley, 2008; Cohen et al., 2008; Karatosun et al., 2008; Salk et al., 2005 Salk et al., , 2006 , while seven studies (Hanson et al., 1999; Luciani et al., 2008; Mei -Dan et al., 2010; Sun et al., 2006; Valiveti et al., 2006; Witteveen et al., 2008 Witteveen et al., , 2010 were case series (level of evidence 4). In all these studies, patients suffering from post -traumatic Kellgreen -Lawrence grade II -IV ankle osteoarthritis were enrolled. Different hyluronic acid preparations were used, and patients received 1 up to 5 injections. Only in one study, the injections were performed by means of image guidance (fluoroscopy) (Cohen et al., 2008) . Clinical benefit was evaluated by means of different scales (Visual Analogic Scale, Ankle Osteoarthritis Scale, American Orthopaedic Foot and Ankle Society, Short Form -12, Short Form -36, Western Ontario and McMaster Universities Osteoarthritis Index), and the follow -up period varied from 6 to 18 months. In studies performed without control group (Hanson et al., 1999; Luciani et al., 2008; MeiDan et al., 2010; Sun et al., 2006; Valiveti et al., 2006; Witteveen et al., 2008 Witteveen et al., , 2010 (Table  2) , an improvement in all the outcome measures was reported, with the effect lasting for 18 months (Luciani et al., 2008) . However, it is not clear from reports whether the pain reduction was clinically significant, or could be ascribed only to a placebo effect. In addition, the lack of controls does not allow definitive conclusions on the efficacy of hyaluronic acid. Table 2 . Case series studies on ankle osteoarthritis. Valiveti (2006) and Hanson (1999) studies' are not reported due to the small number of cases.
Authors
The level 1 evidence studies are more qualified to assess the therapeutic efficacy, but also these trials show several limitations (e.g., no information on the actual number of potential patients, no clear patients randomization, imbalance of baseline characteristics between intervention and control groups, statistical weakness), and therefore have to be considered as low quality studies. In these studies (Carpenter & Motley, 2008; Cohen et al., 2008; Karatosun et al., 2008; Salk et al., 2005 Salk et al., , 2006 (Table 3) , the patients treated with hyaluronic acid showed a significant decrease in pain and disability at 6 months (Cohen et al., 2008; Salk et al., 2005 Salk et al., , 2006 , with the effects lasting 12 -13 months (Carpenter & Motley, 2008; Karatosun et al., 2008) . Besides the reduction of these parameters, an improvement in ankle sagittal range of motions, and gait quality was observed (Karatosun et al., 2008 Table 3 . Randomized controlled trials on ankle osteoarthritis. Salk et al. (2006 Salk et al. ( , 2005 presented their results in two different journals.
In any study the authors found difference between hyaluronic acid and controls groups. In particular, in the studies performed by Salk (Salk et al., 2005 (Salk et al., , 2006 and Cohen (Cohen et al., 2008) , the patients, treated with a 1 -2 ml phosphate -buffered saline solution injection, reported a similar improvement in all parameters evaluated. Analogously, positive results were observed in patients, who followed a 6 weeks exercise therapy (muscle strengthening and ankle range of motion exercises) (Karatosun et al., 2008) , and after arthroscopic lavage of osteoarthritic ankle joint (Carpenter & Motley, 2008) . On the basis of these observations, no clear evidence on the efficacy of hyaluronic acid in reducing pain, and improving function, in ankle osteoarthritis, is provided. Several factors can explain why viscosupplementation has limited efficacy in ankle osteoarthritis. Ankle joint, anatomically and functionally, is more complex than other joints, which are usually treated with positive results with hyaluronic acid (hip, knee) (Saltzman et al., 2005) . Another possible reason of the limited benefit of hyaluronic acid can be related to its use mostly in post -traumatic osteoarthritis (Zhang & Jordan, 2010) , which has a pathogenesis quite different from that of primary degenerative osteoarthritis. Finally, it must be considered that all studies (Carpenter & Motley, 2008; Hanson et al., 1999; Karatosun et al., 2008; Luciani et al., 2008; Mei -Dan et al., 2010; Salk et al., 2005 Salk et al., , 2006 Sun et al., 2006; Valiveti et al., 2006; Witteveen et al., 2008 Witteveen et al., , 2010 , but one (Cohen et al., 2008) , were performed blindly, with any imaging guidance. This can be a valid explanation of several unsatisfactory results, because there is evidence that about one third of intraarticular injections are not delivered into the intra -articular cavity, when performed without a visual aid (Cunnington et al., 2010) . At this regard, ankle joint presents many technical difficulties of injecting intra -articularly, due to its complex anatomy, further complicated from the osteoarthritic joint changes (Woo et al., 2010) .
Gleno -Humeral osteoarthritis
Hyaluronic acid is effective and well tolerated for the treatment of osteoarthritis and persistent shoulder pain refractory to other standard non operative interventions (Andrews, 2005) . Several authors (Blaine et al., 2008; Leardini et al., 1988) report that both 3 and 5 weekly intra -articular injections of low molecular weight hyaluronic acid provide significant improvement in terms of shoulder pain (Visual Analogic Scale score on movement), with the effects lasting 7 -26 weeks (Blaine et al., 2008) .
Similarly, in a 6 months follow -up studies (Merolla et al., 2011; Silverstain et al., 2007) , a significant reduction in Visual Analogic Scale pain score was also provided with 3 weekly intra -articular high molecular weight hyaluronic acid injections. In addition, most of the patients experienced an improvement in the shoulder function score and in the activities of daily living (Itokazu & Matsunaga, 1995; Merolla et al., 2011) . A recent study comparing Hylan G -F 20 versus 6 methylprednisolone acetate shows that hyaluronic acid is effective in reducing pain for up to 6 months, whereas corticosteroid injections result in improvement at 1 month only (Merolla et al., 2011) . Finally, the efficacy of hyaluronic acid has been demonstrated in the treatment of different shoulder diseases, such as subacromial bursitis, adhesive capsulitis and rotator cuff tear (Blaine et al., 2008; Calis et al., 2006; Fernandez -Palazzi et al., 2002; Rovetta & Monteforte, 1998; Tamai et al., 2004) , with positive results on pain, joint mobility and shoulder function.
Carpo -Metacarpal osteoarthritis
Because carpo -metacarpal joint is essential for the closure of the first web, a loss of function causes an alteration of the thumb -index pinch, and therefore can lead to functional impairment (Spacek et al., 2004) . Several conservative treatments have been proposed (corticosteroids, non steroidal antiinflammatory drugs, prolotherapy, splinting), but none of these has shown to delay the progression of osteoarthritis or reverse joint damage (Fuchs et al., 2006) . In particular, an early improvement in Visual Analogic Scale score was observed after 2 weeks post treatment (Heyworth et al., 2008) , with the effects lasting until 1 -3 months (Coaccioli et al., 2006; Roux et al., 2007; Schumacher et al., 2004; Stahl et al., 2005) . The long term effects of hyaluronan were demonstrated only in few studies (Fuchs et al., 2006; Heyworth et al., 2008; ) , in which the pain relief was reported at 6 months (Di Sante et al., 2011) .
Beside pain reduction, also grip strength improved significantly in some studies (Migliore et al., 2010) , although these effects were achieved slowly, with better results observed at 6 months (Fuchs et al., 2006; Heyworth et al., 2008; Stahl et al., 2005) . In our experience (Table 4) , a single ultrasound guided injection of hyaluronic acid is effective in treatment of carpo -metacarpal osteoarthritis (Salini et al., 2009) . After therapy the Visual Analogic Scale pain score, both at rest and during common daily activities, decreases, while the hand function and strength are improved. The best improvement is observed in the pulp pinch strength, because the carpo -metacarpal joint is strongly stressed in this movement (Spacek et al., 2004) , and therefore a better mobility and a reduction of pain in the joint allow evident increase in performance. 
NSAIDs (n. of subjects) 16 7
NSAIDs (tablets / week) 2,4 ± 1,9 1,1 ± 1,3 < 0.02 NSAID = Non Steroidal Anti -Inflammatory Drug; VAS = Visual Analogic Scale Table 4 . Positive results of hyaluronic acid on pain and hand function 7.6 Temporo-mandibular joint At present, 19 studies have been published, and only 8 were randomized and controlled trials (Manfredini et al., 2010) . All studies reported a decrease in pain levels independently by the patients' disorder and by the adopted injection protocol. Positive outcomes were maintained over the follow -up period, which ranged largely from 15 days to 24 months. The superiority of hyaluronic acid injections was shown only against placebo saline injections, but outcomes were comparable with those achieved with corticosteroid injections. Interestingly, in an experimental model of arthropatic temporomandibular joint, El -Hakim and Elyamani (El -Hakim & Elyamani 2011) found, after repeated intra -articular injections of hyaluronic acid, an increase in the thickness of the cartilagineous layer, suggesting that hyaluronic acid can inhibit the progression of osteoarthritic changes. A recent study, aiming to identify predictors for treatment efficacy, has shown that only unilateral temporomandibular joint osteoarthritis predicts better the benefit (Guarda -Nardini et al., 2011), while sex, age, pain duration are not provided of predictive power.
Other joints
Encouraging results have been reported in the treatment of painful hallux rigidus (Pons et al., 2007) , of sacroiliac joint syndrome (Calvillo et al., 2000; Srejic et al., 1999) , and of nerve root adhesion after lumbar intervertebral disco herniation (Wang et al., 2002) . In the treatment of elbow osteoarthritis the results are inconclusive. Positive effects have been observed only in two small studies (Fernandez -Palazzi et al., 2002; Hanson, 1999) , while, in a larger study (18 patients), intra -articular hyaluronic acid was not effective in the treatment of post -traumatic osteoarthritis of the elbow (Van Brakel & Eygendaal, 2006) . Controversial results have been observed also in the treatment of spine osteoarthritis. Fuchs et al. (Fuchs et al., 2005) reported significant pain relief and improved quality of life, also in the long term, in patients affected from facet joints osteoarthritis with chronic non radicular pain in the lumbar spine. However, these results are not in agreement with a recent study by Cleary et al. (Cleary et al., 2008) , who have not seen any benefit of viscosupplementation in the management of symptomatic lumbar facet osteoarthritis.
Side effects
Several factors may contribute to the occurrence of side effects : among them, the characteristics and amount of hyaluronic acid preparation injected, the number of injections, the skill of the operator, the technique used, the local and systemic tissues reactions.
In quite all the clinical trials, no general side effects were observed, and only few patients reported a sensation of heaviness and pain in their joint after injection (Abate M, 2009 ). These effects were more frequent in studies performed in blind conditions compared to those performed under imaging guidance. No differences were observed in relation to hyaluronic acid preparation used or to the number of injections (Abate M, 2008) . Side effects usually disappeared after 2 -7 days without any therapeutic intervention and did not limit basic or instrumental activities of daily living. Vascular or nervous complications were never reported, neither gout, chondrocalcinosis, sometimes observed after viscosupplementation of the knee (Curran, 2010) . Septic arthritis or aseptic synovial effusion occurred in a very limited number of cases (Brocq et al., 2002; Chazerain et al., 1999) .
Hyaluronic acid vs corticosteroids
Intra -articular corticosteroids are the alternative choice to hyaluronic acid for treatment of osteoarthritis. Therefore it is important to evaluate the studies, which compared these treatment modalities. The large majority of comparison studies has been performed between different hyaluronic acid preparations and steroids (methylprednisolone, triamcinolone) (Bellamy et al., 2006) . In several studies, better results were observed after hyaluronic acid injection (Cohen et al., 2008; Fuchs et al., 2005 Fuchs et al., , 2006 , in other no significant difference was found (Chazerain et al., 1999; Qvistgaard et al., 2006) . Steroids however offered the best results on joints with inflammatory effusions (Atchia et al., 2011) . Only one study compared the clinical efficacy of hyaluronic acid versus corticosteroids and placebo in hip osteoarthritis. This very large trial, including 101 patients, did not show significant differences between the treatments in all the outcome measures, after 3 months www.intechopen.com (Qvistgaard et al., 2006) . However, within this time period, an improvement was found, which resulted clearly evident in the steroid group and moderate in hyaluronic acid group, compared to placebo (Qvistgaard et al., 2006) . A comparison study on the efficacy of Hylan G -F 20 versus 6 -methylprednisolone acetate in shoulder osteoarthritis shows that hyaluronic acid is effective in reducing pain for up to 6 months, whereas corticosteroids injections result in an improvement at 1 month only (Merolla et al., 2011) . Analogously, Bannuru et al. (Bannuru et al., 2009 ) have shown in the treatment of knee osteoarthritis that intra -articular corticosteroids appear to be relatively more effective for pain that hyaluronic acid in the first four weeks, but in the long term hyaluronic acid has greater efficacy. In carpo -metacarpal joint osteoarthritis, a rapid pain relief was observed after triamcinolone or methylprednisolone injections (after 2 -4 weeks), but disappeared soon after (Heyworth et al., 2008) . Positive effects were achieved with hyaluronic acid more slowly, but were long -lasting and persisted 6 months after end of treatment period (Fuchs et al., 2006) . Also for the treatment of temporomandibular joint osteoarthritis, the comparison between corticosteroids and hyaluronic acid has shown that both compounds reduce pain and improve articular function (Manfredini et al., 2010) .
Conclusions
On the basis of the published trials, we may affirm that viscosupplementation therapy with hyaluronic acid is a safe and effective method in the management of osteoarthritis resistant to conventional therapies. This treatment has been approved by Food and Drug Administration for knee osteoarthritis, whereas for the other osteoarthritic joints there are promising results but not conclusive evidence. The use of hyaluronic acid is mainly recommended when non steroidal anti -inflammatory drugs are contraindicated or badly tolerated, when non steroidal anti -inflammatory drugs or corticosteroid are inefficacious, or in young patients candidate to prosthesis. Viscosupplementation significantly reduces pain within 3 months and this beneficial effect is maintained in the long term (12 -18 months). The articular function is improved and, therefore, patients can rapidly come back to work and to social activities. Only few trials have shown a very early improvement, which has been related to the lubricating effect of hyaluronate in "dry" joints, as reported in studies of viscosupplementation in knee osteoarthritis, and / or to a short term placebo effect (Brocq et al., 2002) . The reduction in non steroidal anti -inflammatory drugs consumption is another important clinical achievement with significant health economic consideration (Sturkenboom et al., 2002) . Not only direct costs (non steroidal anti -inflammatory drugs purchasing), but also the indirect costs associated with management of non steroidal anti -inflammatory drugs side effects, are saved. Cost -benefit analysis is difficult in comparison with corticosteroids. Corticosteroids doses are cheaper than hyaluronic acid preparation, but the efficacy of these drugs seems to last less longer than hyaluronic acid preparations, with more relevant side effects, which can offset the initial saving (Qvistgaard et al., 2006) .
Patients with mild morphological alterations, and with preserved articular space, are more responsive to treatment (Brocq et al., 2002; Gaston et al., 2007; Van den Bekerom et al., 2006) ; the results are less encouraging in patients with severe osteoarthritis (Kellgreen -Lawrence IV), only few studies reporting a good therapeutic effects (Migliore et al., 2006b) . Articular effusion usually is associated to a reduced therapeutic efficacy due to the "dilution effect" of the drug (Qvistgaard et al., 2006) . In this situation, a better therapeutic response is observed with intra -articular corticosteroids, probably linked to their anti -inflammatory activity (Qvistgaard et al., 2006) . The better biological activity, shown by high molecular weight hyaluronic acid preparations in vitro, has not been confirmed in clinical trials (Tikiz et al., 2005) . In fact, the percentage of improvement in all the outcomes measures is similar with low molecular weight and high molecular weight hyaluronic acid preparations (Caglar -Yagchi et al., 2005 ). An advantage of high molecular weight hyaluronic acid may be the reduced number of the injections needed to obtain the therapeutic effect. When the therapy is delivered by appropriately trained doctors, under strict imaging guidance, viscosupplementation is a safe procedure, without any systemic or local side effect, excluding the pain of the injection and a sensation of heaviness for few hours / days after treatment. It is likely that persistent pain and joint swelling or major complications, such as septic arthritis may occur when injection is not properly performed. Even experienced clinicians can miss intra -articular placement of the drug, especially in small joints (Gaffney et al., 1995; Jones et al., 1993) . The very high tolerability of the preparation allows the contemporary use of other drugs, which is very important in elderly patients with comorbid conditions and poli -pharmaceutical treated. Although these promising results, several questions are still opened. Inclusion and exclusion criteria vary largely in different studies and therefore the characteristics of patients, who are better responsive to treatment, are not clearly defined. The identification of these patients is, therefore, strongly recommended.
No consensus exist about the doses of hyaluronic acid, the interval between doses and the number of injections, which are more effective in the different clinical situations. A 3 -5 doses regimen is usually recommended, but studies which compare different treatment schedules are lacking (Tikiz et al., 2005) . It is also debated whether high molecular weight hyaluronic acid has to be preferred to low molecular weight hyaluronic acid. The better biological activity, showed by high molecular weight hyaluronic acid preparations in vitro, has not been confirmed in clinical trials (Tikiz et al., 2005) . Some authors prefer to use high molecular weight hyaluronic acid because these preparations have a longer half -life time, so that the number of the injections needed to obtain the therapeutic effect may be reduced. Interpretation of result is made difficult by the different degree of severity of osteoarthritis, genetic and biological characteristics of patients enrolled in the studies and by concurrent therapies with other drugs and rehabilitation treatments (Brocq et al., 2002; Conrozier et al., 2003; Migliore et al., 2003; Tikiz et al., 2005; Vad et al., 2003) . Finally, it must be remembered that there is a strong placebo effect from joint injection, which may cause a nearly 30 % reduction in pain relief during the first 2 weeks (Brocq et al., 2002; Egsmose et al., 1984; Kirwan, 2001; Ravaud et al., 1999; Tikiz et al., 2005) . Osteoarthritis is one of the most debilitating diseases affecting millions of people worldwide. However, there is no FDA approved disease modifying drug specifically for OA. Surgery remains an effective last resort to restore the function of the joints. As the aging populations increase worldwide, the number of OA patients increases dramatically in recent years and is expected to increase in many years to come. This is a book that summarizes recent advance in OA diagnosis, treatment, and surgery. It includes wide ranging topics from the cutting edge gene therapy to alternative medicine. Such multifaceted approaches are necessary to develop novel and effective therapy to cure OA in the future. In this book, different surgical methods are described to restore the function of the joints. In addition, various treatment options are presented, mainly to reduce the pain and enhance the life quality of the OA patients.
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